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PROCESS FOR TgPE PRFPAR ATfON OP rPVSTAT t .tnf n ANO-PAPTtrr 

DISPERSIONS 

The present invention relates to a process for the preparation of a dispersion of 
5 cO'stallinfinano-particles. particularly a dispension 

medium and more particularly to a process for the preparation of a dispersion of crystalline 

nano-particles comprising a substantiaUy water-insoluble pharmacologically active compomid 
in an aqueous mediiun. 

Dispersions of a solid material in a liquid medium are useful in a number of • 
10 applications including paints, inks, dispersions of pesticides and other agrochemicals. 
dispersions of biocides and dispersions of phannacologicaUy active compounds. 

In the pharmaceutical field many pharmacologically active compounds have very low 
aqueous solubility which can result in low bioavaUability when such conq>ounds are 
administered to apatient Generally, the bioavailabihty of such compounds is improved by 

15 reducing the particle size ofthe compound, particularly to a sub-micron size, because this 
improves dissohition rate and hence absorption of the compound. 

The formulation of a pharmacologically active compound as an aqueous suspension. 

particularly a suspension with a sub-rnicron particle size, enables the compound to be 
administered intravenously thereby providing an alternative route of administration which 
20 may increase bioavailabmtyconq)ared to oral admimstration. 

Formation of suspensions of crystalline nano-particles (nano-crystals) through direct - 
precipitation is known in the art to be problematic. The rapid precipitation necessary to 
achieve smaU particle size often results initially in a suspension of amorphous materiaL 
Although the amorphous particles will often crystallise over time, slow crystal growth tends 
25 to result in flie formation of large crystals with aparticle size of >1 miwon. Attempts to 
precipitate crystalline material by direct precipitation is generally difBcult to control and 
results in the formation and growth of large (^Imicron) crystals. 

US 4.826,689 describes a process for the preparation of amorphous particles of a soUd 
by mfiising an aqueous precipitating Uquid into a solution of the soUd in an organic liquid 
30 under controlled conditions of temperature and infusion rate, thereby controlling the particle 
size. US 4,997,454 describes a similar process for the preparation of amorphous particles in 
which the precipitating liquid is non-aqueous. US 5.1 18,528 also describes aprocess for 
preparing a colloidal dispersion of particles using a solvent/anti-solvent precipitation process. 
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US 5,780,062 describes a process for preparing small stable particles wherein a 
solution of a substance in an organic solvent is precipitated into an aqueous solution 
containing polymer/amphiphile complexes. 

Generally the amorphous solubility of a substance is significantly higher than the 

5 crystalline solubility of the substance. Accordingly, amorphous particles are prone to higher 
rates of particle growth through solubility driven particle growth mechanisms such as Ostwald 
ripening con:q>ared to crystalline particles. Therefore, crystalline suspensions tend to be stable 
for significantiiy longer than dispersions of amorphous particles because the Ostwald ripening 
occurs at a slower rate in the crystalline particles. Amorphous particle dispersions are also 

10 prone to re-crystallise as a more stable CTystalline form resulting in the uncontrolled growth of 
large crystals. 

WO98/23350 and WO99/59709 describe processes in which a melt of an organic . 
compound is dispersed in a liquid to form an emulsion. The emulsion is then subjected to 
ultrasound to give a crystalline dispersion. The particles prepared using the process are of the 
15 order 2 to 10 microns. 

Crystalline dispersions obtained directly by precipitation are known in the art to be 
influenced by agitation of the solutions. Various methods of agitation are known in the art 
(see for exan^le, WO 01/92293), for example mechanical mixing, vibration, micro-wave 
tieatment and sonication. 
20 WO 96/32095 describes a process for the direct formation of crystals by introducing a 

solution of a substance in a solvent in a droplet fonn or as a jet into an a^tated anti-solvent 
>\^tation is achieved using a number of techniques including ultrasonic agitation. .The 
resulting oystals generally have a mass median diameter of 1 to 6 microns. 

US 5,314,506 describes a crystallisation process in which a jet of a solution containing 
25 a substance is impinged with a second jet containing an anti-solvent for the substance. The 
rapid Tni' ying produced by the impinging jets results in a reduction of the crystals so formed 
compared to conventional slow crystallisation processes. The smallest crystals disclosed are 
about 3 microns and the majority are in the range of from 3 to 20 microns. 

WO 00/44468 describes a modification to the apparatus described in US 5,314,506 
30 wherein ultrasound energy is applied at the point of impingement of the two jets to further 
enhance localised miying and is stated to give direct formation of small crystals with a 
diameter of less than 1 mioron. Generally the crystalline particles described have an average 
size of 0.5 microns. 
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WOOO/3881 1 describes an apparatus and process wherein crystalline particles suitable 
for inhalation are prepared by precipitation of a substance from solution using an anti-solvent 
in a flow-cell mixing chamber in the presence of ultrasonic radiation at the point of mixing 
the solvent and anti-solvent system. This method results in the direct crystallisation of 
5 particles typically having an average particle size of from 4 to 10 microns. WO02/00199 and 
WO03/035035 describe modifications to the process described in WOOO/3881 1 which reduce 
crj^tal agglomeration and enable more efficient isolation of the crystals so formed 

In a novel method of obtaining crystalline nano-particles, Kasai et al (Jpn. J. Appl. 
Phys., 31, LI 132 (1992)) precipitated particles by dropwise addition of an ethanol solution of 

10 an organic compoxmd (typically 50 [il with a concentration of 30 roM) into 10 ml of 

vigoroiisly stirred water giving a total concentration of approximately 0.15 roM. Stirring was 
then continued for a few minutes and the particle size obtained was about 300 nm. They found 
that the particle size could be reduced by precipitation at still lower concentrations. By the 
same procedure Kasai et al (Bull Chem Soc Jpn, 71, 2597 (1998)) formed aqueous 

15 suspensions of nano-crystals of perylene at concentrations between 2,5 and 20 |LiM. However, 
such low concmtiations genially require (he sample to be concentrated e.g. by ultrafiltration, 
before use. Furthermore, if die total initial concentration of organic compoimds is increased 
ttien the size of particles obtained by such methods is >l|im. (see e.g. RRuch, E. Matijevic, 
Journal of Colloid and Ihter&ce Science, 229, 207 (2000)). 

20 EP 275 607 describes a process wherein ultrasound energy is applied to a suspension 

of crystals in a liquid phase, the ultrasoimd being used to fragment the pre-formed crystals. 
Generally the volume mean diameter of the resulting crystals was 10 to 40 microns. 

An alternative approach to direct precipitation is to reduce the particle size of the 
material prior to suspaision, for example by milling as described in US 5,145,684, however 

25 this can be disadvantageous as it may be dif&cult to achieve a sufGciently uniform crystal 
size. It is particularly important that the particle size in a dispersion of a pharmacologically 
active compound is as uhifoim as possible because a difference in particle size is likely to 
afiEect the bioavailability and hence the efficacy of the compound. Furthermore, if the 
dispersion is required for intravenous administration, large particles in the disp^ion may 

30 render the dispersion unsuitable for this purpose, possibly leading to adverse or dangerous 
side effects. 

There is therefore a need for alternative processes that enable nano-crystals to be 
formed, particularly nano-crystals of less than 500 run, more particularly less than 400 nm, 
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especially less than 280 nm and more especially less than 250 nm with a narrow particle size 
distribution. 

We have surprisingly found that disp^sions of nano*orystaIs in an aqueous medium 
can be prepared using a direct precipitation process, wherein the crystallisation is induced by 
5 application of ultrasound. 

According to a first aspect of the present invention there is provided a process for the 
preparation of a dispersion of nano-crystalline particles in an aqueous medium comprising: 
combining with rapid mixing; 

a) a first solution comprising a substantially water-iosoluble substance in a water-miscible 
10 organic solvent with; 

b) an aqueous phase comprising water and optionally a stabiliser, 

and thereafter sonicating the resulting mixture for a sufficient period to form nano-crystaUine 
solid particles of the substantially water-iasoluble substance; and optionally removing the 
water-miscible organic solvent. 
15 More particularly there is provided a process for the preparation of a dispersion of 

nano-crystalline particles in an aqueous medium comprising: combining (preferably under 
conditions of rapid mixing): 

a) a first solution comprising a substantially water-insoluble substance in a water-miscible 
organic solvent wi^ 

20 b) an aqueous phase compiising water and optionally a stabiliser, to form a dispersion of * 
amorphous particles; and 

c) sonicating the dispersion of amorphous particles for a suMcient period to form nano- 
crystalline particles of the substantially water-insoluble substance; and optionally remoying 
the water-miscible organic solvent. 

25 In this specification, by ciystalline nano-particles or nano-crystals or nano-crystalline 

particles, we mean crystalline particles with a particle size of less than one micron. 

The crystals in the dispersion preferably have a mean particle size of less than Ipm 
and more preferably less than 500 nm. It is especially preferred that the crystals in the 
dispersion have a mean particle size of firom 10 to 500nm, more particularly firom 10 to 280, 

30 more particiilarly firom 30 to 280 nm, especially firom 50 to 250 nm and still more especially 
firom 1 00 to 200 nm. By the term " mean particle size" used herein is meant the mean 
hydrodynamic diameter of a particle (for example the crystalline or amorphous particles 
present in the dispersion) as measured using conventional techniques, for example by 
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dynamic ligjit scattering using a BeckmanCoulter N4 plus apparatus. Dynamic light 
scattering allows the diffiision coefficient D, to be deteamined, from which the hydrodynamic 
diameter can be calculated using the Stoke-Binstein equation: D=kT/(37rndH), where k is the 
Boltzmann constant, T temperature, ti the viscosity of the solvent and dn the hydrodynamic 
5 diameter (for example as described in "Introduction to Colloid and Surfece Oiemistry", D J, 
Shaw, Butterworths, 1980). The crystals may also suitably be examined and their size and 
shape determined using cryo Transmission Electron IVficroscopy. for racample a Zeiss EM 902 
(see for example H. Mohwald, Y. Talmon, Current Opinion in Colloid and Interfece Science. 
■2, 129 (1997)). Suitable microscopy conditions are described herein under the Examples 
10 section; 

The nano-crystalline particles prepared according to flie present invention exhibit a 
narrow particle size distribution, by which is meant that in general fbat 99% (on a volume 
base) of the particles Ue within ± 150nm of the mean hydrodynamic diameter. The particle 
size distribution may be calculated by deconvolution using for example the CONTIN 
15 algorithm and an assumed particle rej&active index of 1.59. 

The nano-crystalline particles prepared according to the present process are 
substantially fiee from non-crystalline material, by which is meant that the nano-crystalline 
particles are at least 70, 80, 85, 90, 95, 99% and particularly 100% ciystalline. The degree of 
wystallmity can be determined using suitable known techniques, for example X-ray 
20 crystaUogr^hy and/or di£fearaitials<aamingcalori^^ 
spectroscopy. 

The substantially water-insoluble substance m the first solution is preferably a 
substantially water-insoluble organic substance. By substantially insoluble is meant a 
substance that has a solubiUly in water at 25°C of less than 0.5 mg/ml, preferably less than 
25 O.lmg/ml and especially less than 0.05 mg/ml 

The solubility of die substance in water may be measured using a conventional 
tedmique. For example, a saturated solution of the substance is jwepared by adding an excess 
amount of the substance to water at 25"'C and allowing the solution to equilibrate for 48 hours. 
Excess solids are removed by centrifiigation or filtration and tiie conceaitratioh of the 
30 substance in water is determined by a suitable analytical techiiique such as HPLC. 

The process according to the present invention may be used to prepare aqueous 
dispersions of nano-crystalline particles of a wide range of substantially water-insoluble 
substances. Suitable substances are those which are known to be able to crystallise in at least 
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one solvent-non-solvent system. Suitable substances include but are not limited to pigments, 
pesticides, herbicides, fungicides, industrial biocides, cosmetics and phannacologically active 
compounds. 

A further aspect of flxe invention comprises nano-oystalline particles of a substance 
5 made by the process of the cuir«it invention. 

In a preferred embodiment the substantially water-insoluble substance is a 
substantiaUy water-insoluble phaimacolbgically active compound. Numerous classes of 
pharmacologically active compounds are suitable for use m the present invention including 
but not limited to. substantially water-insoluble anti-cancer agents, steroids, preferably • > 
10 glucocorticosteroids (especially anti-inflammatoiy glucocorticosteroids, for exan^ile 

budesonide) antihypertensive agents (for example felodipine or prazosin), beta-blockers (for 
example pindolol or propranolol), ACE inhibitors, angiotensin H receptor antagonists. 
. hypolipidaemic agents, aniticoagulants. antithrombotics, antifungal agents (for example 

griseofalvin), antiviral agents, antfljiotics, antibacterial agents (for example ciprofloxacin), 
15 antipsychotic agents, antidepressants, sedatives, anaesthetics, anti-inflammatory agents (for 
example ketopiofen), antihistamines, hormones (for example testosterone), immunomodifieis. 
or contraceptive agents. Particular examples of substantially water-insoluble 
phannacologically active compound include anti-cancer agents such as bicalutamide, 
angiotensm H rec«^tor antagonists such as candersartan dlexitil, antihypertensive agents such 

20 as felodipine and CTi modulators Omown as antagonists or mverse agonists) useful in the 
treatment of obesity, psychiatric and neurological disorders for example those disclosed m BP 
656354, WOOO/46209. WOOl/70700, PCX application nurnbeis PCr/GB02/05736 and 
PCT/GB02/05742. 
Water-Mis cible Organic Solvent 

25 "I^ewater-nusci^le organic solvent in the first phase is preferably rnisciTjle with wa^ 

in all proportions. The watCT-miscible organic solvent should also be a solvent for Ihe 
substantiaUy water-insoluble substance. The water-misdble organic solvent is selected such 
that the substantiaUy water-insoluble substance has a sufficient solubiKty in the water 
miscible organic solvent to enable a precipitate of the substantiaUy water-insoluble substance 

30 to form when the first solution is combined with the aqueous phase. Suitably, the • 
substantially water-insoluble substance has a solubility of 10 mg/l or more in the water- 
miscible organic solvent 
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Generally it is preferred that the concentration of the substantially water-insoluble 
substance in the water-miscible organic solvent is as big^ as possible to aid efficient 
precipitation and reduce the quantity of organic solvent required. The upper concentration of 
the substantially water-insoluble substance in the water-miscible organic solvent is 
5 determinedbythe solubility of the substance in the solvent However, we have found that a 
wide range of concmtrations may be used in the present process. Typically, a concratration of 
substantially water-insoluble substance of 1% by weigjht or more in the organic solvent is 
suitable. 

The substantially wat^-insoluble substance should be fully dissolved in the water- 
10 miscible organic solvent The presence of particles of the substantially water-insoluble 
substance may result in poor control of the particle size distribution in the dispersion. 

If required the solubility of the substantially water-insoluble substance in the water- 
miscible organic solvent can be increased by heating a mixture of the substantially water- 
insoluble substance and water-miscible organic solvent to provide a solution. .The solution is 
1 5 then maintained at elevated temperature until it is combined with the aqueous phase in the 
process. 

As will be xmderstood, the selection of water-miscible organic solvent Will be 
dependmt upon the nature of the substantiaUy water-insoluble substance. Wh^the 
substantially water-insoluble substance is an organic compound the water-miscible organic 

20 solvent should have a sufficiently low dielectric constant to be able to dissolve the 

substantially water-insoluble substance. Suitable water-miscible solvents for dissolving a 
substantially water-insoluble organic substance include, a water-miscible alcohol, for example 
meflianol, ethanol, n-propyl alcohol, isopropyl alcohol, tert-butyl alcohol, ethylene glycol or 
propylene glycol; dimethylsulfoxide; dimethylfonnamide; N-melhylpyrrolidone; a water- 

25 miscible ether, for example tetrahydrofiu:an; a water-miscible nitrile, for example acetonitrile; 
a water-miscible ketone, for example acetone or methyl ethyl ketone; dimethylacetamide or a 
mixture of two or more of the above mentioned water-miscible organic solvents. 
Precipitation 

Li the present process the first solution and the aqueous phase may be combined by, 
30 for example, adding the first solution to the aqueous phase, or by adding the aqueous phase to 
flie first solution, or by combining the first solution and the aqueous phase substantially 
simultaneously under conditions which promote the formation of a dispersion of amozphous 
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particles. Conveniently the first solution and the aqueoiis phase may be combined by adding 
the first solution to tiie aqueous phase with rapid mixing. 

Preferably the first solution, and aqueous phase are mixed rapidly during the 
combination to promote a high degree of turbulence and the formation of a unifomi dispersion 
5 of amorphous particles. 

In one embodiment of the present invention rapid mixing of the first solution and the 
aqueous phase is conveniently achieved by sonication during the combination. Alternatively 
other agitation methods known in the art may be used, provided that the rate of agitation is 
sufficiently high to result in amorphous particles, preferably with a <lnm particle size. 

10 Examples of suitable methods which may be used for rapidly mixing the first solution and ' 
aqueous phase include rapid agitation during mixing using conventional stirring to promote 
turbulence during the combination. Alternatively the first solution and aqueous phase may be 
combined by jet mixing, for example using the apparatus described in US 5,3 14,506 or WO 
00/44468, provided that the precipitation conditions are controUed to give an initial dispersion 
15 of amorphous particles, the precipitation may also be performed using a batch process 

whraein a batch of the first Uquid is combined with a fixed volume of the aqueous phase in a 
suitable mixing vessel Alternatively, the combination may be operated on a continuous or 
semi-continuous basis using, for example a flow ceU to as a means for mixing a flowing 
stream ofthe first solution with a flowing stream ofthe aqueous phase. The resultant 
20 dispersion of amorphous particles may then be collected in a down-stream vessel(s) for 
subsequent sonication and conversion to the suspension of nano-crystalline particles. 

As discussed horein, the precipitation conditions should be controlled to provide an 
amorphous dispersion of particles upon combhiation of the first solution and the aqueous 
phase. By "amorphous dispersion of particles" is meant a dispersion of amorphous particles 
25 in a liquid medium which is substantially ftee fiom aystalline particles when the first solution 
and aqueous phase are combined. The Inventors have found that the presence of even small 
amounts of ciystkUme material in the amorphous dispersion prior to sonication promotes the 
formation of large crystals during the subsequent sonication, thereby preventing formation of 
the desired uniform dispersion of nano-crystalline particles. Suitably the suspension of 
30 amorphous particles should contain less than 0.01% by weight, particularly less than 0.001% 
and more particularly less than 0.0001% by weight of crystaUine particles to avoid fee 
undesirable formation of large crystals during the subsequent steps ofthe process. For 
example the initial disprasion of amorphous particles could contain 0.00001 to 0.0001% by 
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weight crystalline material, alfhougji as mentioned above it is preferred that no detectable 
crystalline material is present The required '^purity" (i.e. non-crystallinity) of the initial 
amorphous dispersion will be evidenced by the subsequent sonication stage in the process. If 
crystalline material is present sonication will result in the undesirable growth of large particles 
5 (> 1 micron) rather than the required nano-crystalline particles. 

The precipitation conditions required for the formation of an amorphous dispersion of 
particles will depend to some extent upon, for example, the particular material, the solvent 
used, the particular precipitation apparatus used and ttie method for agitating/combining the 
first solution and the aqueous phase. The rapid precipitation conditions used in the present 

10 process favors the formation of kinetically stable amorphous particles; The required 
conditions may be determined using routine experimentation to optimise the precipitation 
conditions for the formation of amorphous particles. 

The Inventors have found that when the first solution is added to the aqueous phase or 
vice versa that the final concentration of the substantially water-insoluble substance in the 

15 combined solution is influential in the formation of an amorphous dispersion. Generally, a 
concentration of substantially water-insoluble substance about 10 mM or less, in the 
combined solution and aqueous phase will minimise the formation of crystalline material (as 
will be understood, the molar concraitrations used herein refers to a molar concentration per 
litre). Higher concentrations of substantially water-insoluble substance can result in the 

20 forinationofcrystalliiie material in the dispersion formed during the predpitatior^ 
Accordingly in an embodiment of tiie present invention the concentration of 
substantially water-insoluble substance is from 0.2 to 10 mM, particularly from 0.5 to 5 mM 
and more particularly from 0.5 to 3 mM, especially about 1 mM, \rfierein the concentration 
refers to the molar concentration of substantially water-insoluble substance of combined first 

25 solution and aqueous phase (and where concentration here refers to the total amount of 
substance present in the combined liquids, including the suspended amorphous particles and 
any of the substance that may be dissolved in the combined liquid medium). 

In a preferred embodiment the first solution and the aqueous phase are combined 
rapidly. The Inventors -have found that rapid combination promotes the formation of small 

30 (generally of a nano-particle size) amorphous particles. Therefore, in embodiments where, for 
example, the first solution is added to an agitated aqueous phase it is preferred that the first 
solution is added to the aqueous phase as a single charge of material, rather than as a slow 
infusion into the aqueous phase. On the small scale this may be achieved by simply pouring 
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all of the jBrst solution directly into the agitated aqueoxis phase^ On a larger scale rapid 
addition may be achieved by pumping the first solution into the aqueous phase at a high mass 
transfer rate. Preferably the combination of the first solution and aqueous phase takes place in 
less flian 1 minute, more preferably less flian 30 seconds and particularly less than 10 seconds, 
5 more particularly less than 5 seconds, for example firom 1 to 10 seconds) such that flie 
combination is substantially instantaneous. 

The particle size of the amorphous particles formed by the initial precipitation need 
hot be less than 1 micron. However, it is preferred that the particle size of the amorphous 
particles is similar to fliat of the required crystalline nano-particles. Accordingly it is 

1 0 preferred that the combination of the first solution and the aqueous phase produces a uniform 
dispersion of amorphous particles with a mean particle size of less than 1pm and more 
preferably less than 500 nm. It is especially preferred that the amorphous particles have a 
mean particle size of fix)m 10 to 500 rmi, particularly fi-om 10 to 280 nm, more particularly 
firom 30 to 280 nm, more especially firom 50 to 250 nm and still more especially firom 100 to 

15 lOOnmL 

Temperature during the precipitation is not considered to be critical and may 
conveniently be carried out at about ambient temperature (for example 15 to 25'*C), although 
higher or lower temperatures may be \ised if required However, in embodiments of the 
invention it may be advantageous to cool the aqueous phase to increase the ratio between the 
20 amorphous and crystalline solubility, thus, increasing the super-saturation and the nucleation 
rate to obtain smaller particles as discussed below in relation to sonication. 

Accordingly, in a particular embodiment of the invention, the first liquid is combined 
with the aqueous phase under conditions of hi^ turbulence (for example by rapid stirring, 
sonication or by a combination of rapid stirring and sonication), wherein the combination 
25 takes place r^idly (preferably in less than 30 seconds, more preferably less than 10 seconds 
• for example firom 1 to lO seconds), and wherein the final concentration of the substantially 
water-insoluble substance in the combined first soluticm and aqueous phase is 10 mM or less 
(pref<aably less than 5mM and particularly a fibal concentration of about ImM). The 
iiventors have found that these conditions promote the formation of a uniform dispersion of 
30 amorphous particles with a mean particle size of less flian 1 micron. 

Some particles will precipitate and form a uniform dispersion of amorphous particles 
without the need for a stabilise in the aqueous phase. However, we have found that 
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amorphous particles often aggregate upon precipitation or during the subsequent sonication 
unless a stabiliser is present in flie aqueous phase. 

Stabilisers suitable for the prevention of particle aggregation in dispersions are weU 
known to those skilled in the art. Suitable stabilisers include dispersants and surfectants 
5 which may be anionic, cationicornon-ionic. Suitable dispersants include, a polymeric 
dispersant, for example a polyvinylpyrroUdone. a polyvinylalcohol or a cellulose derivative, 
particularly a water-soluble or water-Klispersible cellulose derivative, for 
hydroxypropyhnethyl cellulose, hydroxyelhyl cellulose, ethylhydroxyethyl ceDulose or 
caiboxymethyl cellulose. A preferred polymeric dispersant is polyvinylpynolidone (PVP). A 
1 0 wide range of PVP polymers may be used, for example aPVP with a molecular weight in the ' 
range of from 10,000 to .100,000 Daltons, such as 50,000 to 60,000. Suitable anionic 
surfactants include alkyl or aiyl sulfates example, sodium dodecyl sulfete. Other suitable 
ionic surfectants include for example alkyl and aiyl carboxylates for example, sodium or 
potassium myristaie or sodium laurate; di-alkyi sulfosuccinates, particularly di-(4-12C)alkyl 
15 sulfosuccinates, such as sodium, calcium or potassium dioctyl sulfosuccinate (e.g. Docusate 
sodium or Aerosol OT) or sodram diamyl sulfosuccinate (Aerosol AY); or bile acid salts, 
such as salts of deoxycholic acid, taurochoUc arid, or glycocholic acid, for example a sodium 
salt of a bile acid such as sodium taurocholate, sodium deoxycholate or sodium glycocholale; 
Suitable cationic surfectants include quaternary ammonium compounds and fatty amines. 
20 Particular cationic surfectants include alkylammonium conqiounds (for exainple (8- 
22C)a]]cylammoniuin, particularly (8-20Qalkylammomum compounds, such as halides) 
including, for exanqjle. laurylammonium chloride; alkyllrimethyl ammomum compounds (for 
example (8-22C) alkyltrimelhyl ammonium, particularly (8.20C)alkyltrimethyl ammonium 
compounds, such as halides) for example cetyhrimethylammonium bromide (Cetramide). 
25 Irimethyltetiadecylammonium bromide (Myristamide) or lauryl trimethylammonium bromide 
(Lauramide); benzalkonium halides (such as (S-lOQalkylbenzyldimethylammonium halides. 
particularly (8-1 8C)aIlcylben2yldimethyla|mmonium halides and mixtures thereof, for 
example benzalkonium chloride; or alkylpyridmium compounds such as (8- 
20C)alkylpyridinium compounds, for example cetylpyridinium chloride or bromide. 
30 Suitable non-ionic surfactants include, monoesters of 8ort)itan which may ormaynot 

contain polyoxyethylene residues (for example Tween surfectants such as Tween 20, Tween 
40, Tween 60 and Tween 80), ethers formed between fetty alcohols and polyoxyethylene 
glycols, polyoxyethylene-polypropylene glycols, an ethoxylated castor oil (for example 
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Cremophor EL), ethoxylated hydrogenated castor oU, ethoxylated 120H-st©aric acid (for 
exataple Solutol HS15). Further suitable non-ionic surfactants include, for example ethylene 
oxide-propylene oxide co-polymers, particularly block co-polymers Q)oloxomers) such as 
Pluronic, Tetronic or Lutrol surfactants such as Lutrol F68 or Lutrol F127; or polyethoxylated 
5 sorbitan &tty acid ester suck as Polysorbate 80. Other suitable sur&ctants are well known to 
those skilled in the art and can be selected accordingly. Additional surfactants that may be 
suitable for use in the present invention include, for example, the sur&ctants listed in US 
6,383,471, Table 1. 

The aqueous phase may contain a single stabiliser or a mixture of two or more 
10 stabilisers. In a preferred embodiment the aqueous phase contains a polymeric dispersant and 
an amphiphilic surfactant, which may be non-ionic, anionic or cationic. In particidar a 
combination of a polymeric dispersant and an anionic surfectant, for example a 
polyvinylpyrrolidone and sodium dodecyl sulfate. 

When the substantially water-insoluble material is a phaimacologically active 
15 compound' it is preferred that the stabiliser is a pharmaceutically acceptable material. 

In an alternative embodiment the stabiliser may be added to the first solution prior to 
combinEition with the aqueous phase. Smtable stabilisers are as hereinbefore described. 

Optionally, additional stabiliser may be added to the dispersion after precipitation of 
the amorphous particles into the aqueous phase to provide additional inhibition of particle 
20 aggregation in the dispersion. StabiHser(s)nmy also be added to Ihe final dispersion of nano- 
ciystalline particles following fhe sonication if required, for example to inhibit agglomeration 
of the nano-crystals. 

Generally it is desirable to minimise the quantity of stabiliser present, particularly 
when the substantially water-insoluble material is a pharmacologically active compound to 

25 minimise possible side effects associated with the stabiliser and/or to niinixnise interactions 
with the pharmacologically active conq)oimd which may be detrimental to the efficacy of the 
compound. Accordingly, it is generally prefixed that the quantity of stabiliser should be the 
minimum that is required to stabilise amorphous particles and/or final dispersion of nano- 
crystalline particles. Generally flie aqueoxis phase will contain from 0.001 to 2% by weight, 

30 particularly 0.01 to 1% by weight, preferably from 0.05 to 0.5% by weight and especially 
from 0.1 to 0,2% by weight of stabiliser. When a surfectant is used it is preferred that the 
surfectant is present at a concentration below the critical micelle concentration to avoid 
solubilisation of the nano-crystals into the liquid medium. 
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In one embodiment of fhe invention the aqueous pbase contains a polymeric dispersant 
and an amphiphilic surfactant, for example a polyvinylpyrrolidone and sodium dodecyl 
sul&te. The an[q>hiphilic surfactant is present at a concentration which is above fhe critical 
association concentration with the polymeric dispersant, but at a concentration below the 
5 critical micelle concentration. This enables polymer-amphiphile aggregates to form as 
described in US 5,780,062, Accordingly, in this embodiment the process described in US 
5,780,062 may be used, provided the precipitation conditions are controlled to give an initial 
dispersion of amorphous particles as required by fhe present invention. The critical 
association concentration of surfactant in a polymer-sur&ctant system may be determined 

10 using known methods (for example as described in E^D. Ooddard^ Colloids and Surfaces^ 19, 
255 (1986)). For example when the surfactant is sodium dodecylsulfate (SDS) and the 
polymer is PVP the critical association concentration of SDS is 3 mM. Accordingly in this 
embodiment die SDS concentration should be between the critical association concmtration 
(about 3 mM) and the critical micelle concentration (about 8 mM). 

15 ' hi a preferred embodiment of the invention the aqueous phase contains a polymeric 
dispersant and an amphiphilic surfactant, for example a polyvinylpyrrolidone and sodium 
dodecyl sulfate. In this embodiment surfactant is present at a concentration which is below 
the critical association concentration with the polymeric dispersant and an anionic surfactant 
Thus in the case vriien the aqueous phase contains a polj^vinylpyrroUdone and sodium dodecyl 

20 sulfite the concentration of SDS is below 3 mM, for example 0.1 to 2.8 mM, particularly 
about 0.25 mM. We have found that ttiis embocUment provides a particularly stable 
dispersion of amorphous particles, whilst using only a small amount of stabiliser. 

As mentioned above, the combination of the first solution and aqueous phase in the 
process according to the present invention results in very &st, substantially instantaneous 

25 precipitation of particles of the substantially water-insoluble roaterial to give particles of the 
desired size with a narrow particle size distribution. Prolonged sonication of this suspension 
results in formation of nano-crystals of the desired size with a similarly narrow particle size 
distribution. 

Without wishing to be bound by theory, it is thought that the formation of the initial 
30 suspension of amorphous particles following ck)mbination of the first solution with the 

aqueous phase promotes the subsequent formation of a uniform dispersion of nano-crystalline 
particles during the subsequent sonication. Generally the amorphous solubility of a material 
is higher than the crystalline solubility, for example in the case of felodipine fhe crystalline 
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solubility is 2]xM compared to an amoiphons solubility of approximately 24|xM. It is thought 
that the presence of the dispersion of amorphous particles during the sonication provides a 
reservoir of material in solution for ttie crystallisation step and thereby maintains a higji and 
constant level of super-saturation relative to the crystalline solubility because of the high^ 

5 amorphous solubility. The high and relatively constant degree of supersaturation provided by 
the presence of the amorphous particles provides &vorable conditions for the formation of a 
large number of primary nuclei upon application of tiie ultrasound to the dispersion of 
amorphous particles. It thought that the maintenance of the high level and relatively constant 
state of super-saturation during sonication promotes continued primary nucleation and . 

10 tha-efore favors the growth of large numbers of sntiafl crystalline nano-parf The high 
degree of nucleation induced by the sonication and during the crystallisation is thought to 
promote the formation of crystalline particles with a uniform particle size as a result of the 
relatively constant level of super-saturatiorL During the sonication process it is thought that 
the amorphous material is gradually consumed as it dissolves into the liquid medium and is 

15 re-precipitated as the crystalline nano-particles. 

In conventional precipitation processes which give crystalline dispersions directly, the 
initial formation of crystalline particles generally results in a reduction in the degree of super- 
saturation and promotes the r^id growth of the initial Crystals formed, thereby favoring the 
formation of larger (generally micron sized) crystals. Similarly, if the initial dispersion of 

20 amorphous particles also contains crystalline material the crystals present will generally result 
in the rapid growth of large crystals during sonication rather than the required crystalline 
nano-particles according to the present invention, 
Sonication 

By sonication, we mean application of ultrasound to the mixture resulting from the 

25 combination ofthe first solution and tiie aqueous phase. 

According to the process of the present invention, combination of the first solution and 
the aqueous phase with rapid mixing results in an initial precipitate of amorphous particles of 
the substantially water-insoluble compound, herein (in preferred embodimrats) the 
amorphous particles have a particle size <1 pm. 

30 After combination is complete, the mixture is sonicated until crystallisation of the 

amorphous precipitate occurs. A sufScieiit period for sorucatirig the inixture after 
combination is therefore a period Sufficient for substantially complete conversion of 
amorphoiis particles into crystalline particles (for example for conversion of 70, 80, 90, 95 or 
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95% of the amorphous particles to crystalline nano-particles). A suitable siifficient period is 
for example at least 10 minutes, particularly at least 20 minutes, such as from 10 - 200 
minutes, preferably 20 to 200 minutes, more preferably 10-120 minutes and especially 20-100 
minutes. It will be appreciated that the time required may depend upon a number of factors, 
5 for example the nature of the sparingly-water soluble compound, the ultrasound frequency, 
the volume of the solutions used and energy output of the sonication equipment 

The ultrasound frequency should be selected to promote crystallisation of the 
su^ension of amorphous particles. Generally a frequency about 16 kHz or more is suitable, 
for example in the range of 20 to 100 kHz, more particularly from 20 to 50 kHz. The power 

10 required wiU depend upon the volume of the siispension to which the ultrasound is applied. 
Generally a power of about 5 W or higher is suitable, for example from 5 to 5000 W, 
particularly from 200 to 4000 W. The intensity of the ultrasound energy may be adjusted 
between wide limits. 

•The ultrasound may be applied using well-known methods. For example the 

15 \iltrasoxmd may be applied directly by means of, for example an ultrasonic probe or horn 
placed in the liquid medium. Alternatively the ultrasound may be applied by means of an 
ultrasonic bath or coupled to the vessel containing the amorphous particles by means of a 
coupling device such as transmission from an ultrasound transducer into the suspension via a 
fluid-filled probe into the vessel containing the suspension. 

20 Suitable sonication equipment is well known to tiiose skilled in the art and can be 

selected accordingly. Conveniently on a laboratory scale, sonication eqmpinent with an 
xiltrasonication frequency of 35 kHz and a power output of 285 W may be used, for example 
an Elma Transsonic Bafli T460/H. On a non-laboratory scale a sohoreactor, for example from 
AEA Technology could be used, such as that described in GB 2,276,567. 

25 The temperature during sonication is not considered to be critical and generally a 

temperature below 50**C will be suitable. However, we have found that low traiperatures 
generally favor the formation of smaller crystalline particles, Accordingly in an embodiment 
of the present invention the temperature during sonication of the amorphous dispersion is less 
than SO^'C, particularly less than 45 "^C for example from 0 to 45 °C, preferably from 1 to 35°C 

30 and especially 5 to 1 0°C. Without wishing to be bound by flieory it is thought that lower 
temperatures result in a higher level of super-saturation during sonication and increases the 
degree of primary nucleation during sonication thereby giving a higher number of smaller 
crystalline particles. 
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Optionally the water-miscible organic solvent can be rraioved from the dispersion 
after the crystallisation. Suitable methods for removing the water-miscible organic solvent 
are well known and include evaporation, for example by heating the dispersion under vacuum, 
reverse osmosis, dialysis, ultra-filtration or cross-flow filtration. 
5 If desired the dispersion may be concentrated after crystallisation by removing excess 

water from the dispersion, for example by evaporation. 

Optionally additional components may be added to the liquid media used in the 
present invention to modify the properties as reqmred, for sample to tiie first solution, the 
aqueous phase, the dispersion of amorphous particles or to the disperaion of nano-crystalline 
10 particles. Exampleis of such components include viscosity modifying agents, buffers, taste 
masking agents, anti-oxidants, preservatives, additives to adjust pH or colorants. The 
additional components may be added before, or more preferably, after the precipitation of the 
particles. 

According to a further embodiment of the present invention there is provided a process 
1 5 for the preparation of a dispersion of nano-crystalline particles of a substantially water- 
insoluble pharmacologically active substance in an aqueous medium comprising: 
combining with rapid mixing: 

(a)-a first solution comprising the substantially water-insoluble pharmacologically active 

substance in a water-miscible organic solvent with; 
20 (b) an aqueous phase comprising water and optionally a stabiliser, 

and thereafter sonicatmg the resulting mixture for a sufficient period to form nano-crystalline 

solid particles of the substantially water-insoluble pharmacologically active substance; and 

optionally removing ttie water-miscible organic solvent 

In particular fliis embodiment provides a process for the preparation of a dispersion of 
25 nano-crystalline particles of a substantially water-insoluble pharmacologically active 

substance in an aqueous mediiun comprising: 

combining (preferably with rspid mixing): 

(a) a first solution comprising the substantially water-insoluble pharmacologically active 
substance in a water-miscible organic solvent with 
30 (b) an aqueous phase conqirising v^^er and optionally a stabiliser, to form a dispersion of 
amorphous particles; and 
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(c) sonicating fhe dispersion of amorphous particles for a suf&cient period to form nano- 
crystalline particles of the substantially water-insoluble phannacologically active substance; 
and optionally removing the water-miscible organic solvent. 

This embodiment of the preset invention provides dispersions of nano-crystalline 
S crystals of a solid substantially water-insoluble phannacologically active substance in an 
aqueous medium. Suitable process conditions for this embodiment are as hereinbefore 
described. 

If required the nano-crystalline particles present in the dispersion prepared according 
to tiie present invention may be isolated from the aqueous medium following crystallisation 

10 (or removal ofthewater-iniscible organic solvent). The nano-orystalline particles niay be 
separated using conventional techniques, for example by centrifuging» reverse osmo$is, 
membrane filtration, lyophilisation or spray-drying. Isolation of the nano-crystalline particles 
is usefiil when the particles comprise a substantially water-insoluble pharmacologically active 
compound because it allows the crystals to be washed and re-suspended in a sterile aqueous 

15 mediiun to give a suspension suitable for administration to a warm blooded mammal 

(especially a human), for example by oral or parenteral (e.g. intravenous) administration. It 
may be preferable not to isolate the crystals but instead use the dispersion as formed, for 
example because isolation of crystals of a particular substance results in the formation of 
tightly bound aggregates. 

20 In another embodiment of the present invention the process is performed under sterile 

conditions, thereby providing a sterile dispersion directly which can be administered to a 
warm blooded mammal as described above without the need for additional purification or 
sterilisation steps. Alternatively, the dispersion maybe sterile filtered following 
crystallisation and optional removal of the water-miscible organic solvent to leave a sterile 

25 suspension. 

According to a fiuiher aspect of the present invention there is provided an aqueous 
dispersion comprising a continuous aqueous phase m \^ch is dispersed nano-crystalline 
particles of a substantially water-rinsoluble substance obtainable by the process according to 
the present invention. 

30 Preferably the substantially water-insoluble substance is a substantially water- 

insoluble phannacologically active material as described above. 

Preferably the concentration of nano-crystalline particles in the dispersion is greater 
than 0.25 mM, for example firona 0.25 to 10 mM, particularly firom 0.5 to 5mM. The nano- 
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crystalline particle(s) of a substantially water-insoluble substance have a particle size as 
hereinbefore defined. 

According to a further aspect of the present invention there is provided nano- 
crystalline particle(s) of a substantially water-insoluble substance obtainable by the process 
5 according to the present inventiorL Preferably the substantially water-insoluble substance is a 
substantially water-insoluble pharmacologically active material as desaibed above. The 
nano-crystalline particle(s) of a substantially water-insoluble substance have a particle size as 
hereinbefore defined 

According to a further aspect of the present invention there is provided a 
10 pharmaceutical composition comprismg nano-crystalline particle(s) of a substantially water- 
insoluble pharmacologicaily active material in association with a pharmaceutically acc^table 
diluent or carrier. 

When the substance is a substantially water-insoluble pharmacologically active 
material, the dispersions according to flie present invention may be administered to a warm 

15 blooded mammal (especially a human), for example by oral or parenteral (e.g. intravenous) 
administration. In an alternative embodiment the dispersion may be used as a granulation 
liquid in a wet granulation process to prepare granules comprising the substantially water- 
insoluble pharmacologically active material and one or more excipients. The resulting 
granules may then be used directly, for example by filling into capsules to provide a unit 

20 dosage containing the granules. Alternatively the granules may be optionally mixed with 
further excipients, disintegrants, binders, lubricants etc. and compressed into a tablet suitable 
for oral administration. If required the tablet may be coated to provide control over the 
release properties of flie tablet or to protect it against degradation, for example through 
e>q)05ure to light. Wet granulation techniques and excipients suitable for use in tablet 

25 formulations are well known in the art 

The nano-crystalline particles of a pharmacologically active material prepared using 
the present process may also be used m other pharmaceutical formulations, including but not 
limited to dry blended compositions such as capsule and direct compression tablet 
firanulations; and controlled or sustained release formulation wherein the particles are 

30 dispersed within a suitable matrix, for example in a water-swellable or water-erodible matrix 
or a biodegradable polymeric matrix. 



wo 2004/009057 



PCT/GB2003/003044 



-IP- 
According to a fiirther aspect of the present invention tiiere is provided nqno- 
crystaUine particle(s) of a substantially water-insoluble substance obtainable by the process 
according to the present invention for use as a medicament 

The process according to the present invention may be useful for promoting the 
5 crystallisation of certain materials which are difficult to crystallise usmg conventional 

crystallisation mefliods. It is well known that some substances are very difficult to crystallise 
from solution and often much trial end error is required to obtain a process that will provide a 
material in crystalline form The unique conditions of constant super-saturation provided by 
the presence of the amorphous dispersion m the present invention may provide nano-crystals 
10 of a material that could not be crystallised using known conventional crystalUsation methods. 
The resulting nano-crystals prepared using the present invention can then be used as seed 

• crystals to promote crystalUsation in more conventional crystallisation processes. For • 
example, the preparation of a crystaUme pharmaceutical compound is often advantageous, 
because it may enables the conq)ound to be prepared m a highly pure form. A crystalUne 

15 form may also offer other advantages such as stabiUty and material handling advantages. 

Accordmg to a further aspect of the present invention there is provided the use of a 
nano-crystalUne particle(s) of a substantially water-insoluble substance obtainable by the 
process according to the present invention as seed crystals in a crystallisation process. 
Suitable crystallisation processes in which the seed crystals may be used are well known in 

20 flie art and include, for example systems which induce super-satuiation by slow cooling, 
evapoiation or the addition of an anti-solvent 
Process 

hi the following Examples, sonication was carried out using an Ehna Traissonic Bath 
T460/H with a volume of 2.75 Uter, a power consumption of 285 W and an ultxasonication 
25 frequency of 35 kHz. 

hnages shown m the Examples section and analysis of the crystalline or amorphous 
state of the particles were taken with cryo-TEM (cryo Transmission Electron Miaroscopy) 
usmg undiluted nano-particle suspensions at 25 "C m CEVS (Controlled Environment 
Vitrification system). The samples were appKed as a thm fUm on a metal plate coaled with a 
30 porous polymer fihn, vitrified in liquid ethane at -170 "C and stodied at the boiling 
tenq)erature of nitrogen in a Zeiss EM 902 (accelerator voltage 80 kV). 
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The mean particle hydrodynamic diameters referred are intensity-weighted numbers 
.obtained jfrom dynamic li^t scattering measurements using an N4 Plus Beckman Coulter and 
the Brodkhaven Fiber-Optic Quasi-Elastic Light Scattering (FOQELS) instrument 
Examples 

5 The present invention will be iUustrated but not limited by the following examples. 

In the examples the polyvinylpyrrolidone used was PVP K30 (ex. BASF) which has a 
wei^t-average molecular weight of 57000. In all the examples sodium dodecylsulfete was 
used together wilJi the PVP as a stabiliser. The SDS concentration used was 0.25 mM in the 
aqueous phase. 
10 Example 1 - Felodipine 

A solution of 100 mM Felodipme in dimethylacetamide was prepared. 0.010 ml of this 
solution was added rapidly to 0.990 ml of an aqueous solution containing 0.2%w/w 
poljmnylpyrrolidone and 0.25 mM sodium dodecyl sulfate under sonicatioru The sonication 
was continued for 30 minutes. The resulting particles were crystalline with a mean 
15 hydrodynamicdiameter of 165 nm (no change in particle size was observed over 2 hours}. 
Cryo-TEM images of the particles are shown in Figure la. 
Comparative Example 1 

The process of Example 1 was repeated but sonication was discontinued directly after 
mixing the two solutions. The process produced amorphous particles with a mean particle 
20 hydrodynamic diameter of^proximately 170 nm. The particle size increased due to Ostwald 
ripening over a period of 1 hour from 1 70 to 250 nm, and after 2 hours the size was 370 mn. 
A cryo-TEM image of the particles taken approximately 20 minutes after mixing are shown in 
Figure lb. 

Example 2 - Candesartan dlexitil 
25 A solution of 1 00 mM Candesartan dlexitil in dimethylacetamide was prepared 0.01 0 

ml of this solution was added rapidly to 0.990 ml of an aqueous solution containing 0.2%w/w 

polyvinylpyrrolidone and 0,25 mM sodium dodecyl sulfete under sonication. The sonication 

was continued for 75 minutes. The resulting particles were crystalline wifli a mean 

hydrodynamic diameter of 170 Bm. 
30 Comparative Example 2 

Example 2 was repeated except sonication was discontinued directly after miving the 

two solutions. Amorphous particles were obtained with a mean hydrodynamic diameter of 70 

nm. 
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Example 3: N'-[(lEHl-beiizyI.lH4ndoI-3-yl)methyleneJbenzohydrazlde 

A solution of 100 mM N'-[(lE)-(l-benzyl-lH-mdolO-yl)methylene]ben2oliydra2ide 
(commercially available from Interchim, France) in dimethylacetamide was prepared. 0.010 
nil of this solution was added rapidly to 0.990 ml of an aqueous solution containing 0.2 % 
5 (w/w) polyvinylpyrroUdone and 0.25 mM sodium dodecyl sulfete under soniration. The 
sonication was continued for 80 minutes. The resulting particles were crystalline with a mean 
hydrodynamic diameter of 1 60 imi. 
Comparative Example 3 

Example 3 was repeated except sonication was discontinued directly after mixing the 
10 two solutions. Stable amorphous particles were obtained wdth a mean hydrodynainic^^ 
of90nm. No crystalline material was observed. 
Example 4: Bicalutamide 

A solution of 100 mM bicalutamide in dimethyl sulfoxide was prepared 0.020 ml of 
this solution was added rapidly to 1.980 ml of an aqueous solution containing 0,01% w/w 
15 polyvinylpyrroUdone (PVP) and OJ25 mM sodium dodecyl sulfate under sonication. The 
sonication was continued for 45 minutes. After sonication, 475 pi of a solution containing 1% 
w/w PVP was added to raise the concentration of PVP to OJZ% w/w. The resulting particles 
were crystalline with a mean hydrodynamic diameter of 190 nm and the particle size 
remained constant for at least 1 hour. 
20 Comparative Example 4 

Example 4 was repeated except sonication was discontinued dhrectly after mixing the 
two solutions. The concentration of PVP was then raised to 0.2% w/w directly after the 
sonication, amorphous nano-particles were obtained wilJi a mean hydrodynamic diameter of 
approximately 1 90 nm. The particle size was observed to increase over a period of 1 hour 
25 from 1 90 to 300 nm (probably as a result of Ostwald ripening). 

Example 5 : SK4-cWorophenyl)-l-<2,4-dicWorophen3l>4-methyI-N-piperidm.l.yi-^ 
pyrazoIe-3-carboxamide 

A 100 mM solution of 5-C4-chlorophenyl>l-(2,4-dichlorophenyl)-4-methyl-N- 
piperidin-UyHH-pyrazole-3-carboxamide (described in BP 656 354) in dimethylacetamide 
30 was prepared. 0.010 ml of this solution was added rapidly to 0.990 ml of an aqueous solution 
containing 0.2% (w/w) polyvinylpyrrolidone (PVP) and 0,25 xrM sodium dodecyl sulfate 
(SDS) under sonication. The sonication was continued for 75 minutes. The resulting particles 
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were crystalline with a mean hydrodynamic diameter of 275 nin. The particle size remained 
constant for at least 2.5 hours. 
Comparative Example 5 

Example 5 was repeated except sonication was discontinued directly after mixing the 
5 two solutions. Amorphous nano-particles were obtained with a mean hydrodynamic diameter 
of approximately 220 nm. The particle size was observed to increase (probably due to 
Ostwald ripening) over a period of 2.5 hours from 220 to 340 nm. 

Example 6 : 5-(4-bromophenyI>l-(2,4-dicidorophenyI>4-eth)i-N-piperidin-^^ 
10 .pyrazoIe-3-carboxamide 

A 100 roM solution of 5'(4-bromophenyl)-l-(2,4-dichlorophenyl)-4-ethyl-N- 

piperidin-l-yI-lH-pyrazole-3-carboxamide (described in WOOO/46209) in dimethylacetamide 

was prepared. 0.010 ml of this solution was added rapidly to 0.990 ml of an aqueous solution 

containing 0.2% (w/w) polyvinylpyrrolidone and 0.25 mM sodium dodecyl sulfete under 
15 sonication. The sonication was continued for 35 minutes. The resulting particles were 

crystalline with a mean hydrodynamic diameter of 190 Jim. The particle size remained 

constant for at least 1.5 hours. 

Comparative Example 6 

In another experiment where sonication was discontinued directly after mixing the two 
20 solutions, amorphous nano-particles were obtained with a mean hydrodynamic of 

approximately 280 nm. The particle size increased due to Ostwald ripening over a period of 

1 .5 hours from 280 to 480 nm. 

Example 7 : 5,6-bis(4-chlorophenyl)-N-piperidin-l-ylpyra2ine-2-carboxandde 
A 100 mM solution of 5,6-bis(4-chlorophenyl)-N-piperidin-l-ylpyrazine-2- 

25 caxboxamide in dimethylacetamide (described in POT GB02/05736) was prepared. 0.010 ml 
of this solution was added rapidly to 0.990 ml of an aqueous solution containing 0.2% (w/w) 
polyvinylpyrrolidone and 0.25 mM sodium dodecyl sul&te under sonication. The sonication 
was continued for 60 minutes. The resulting particles were crystalline with a mean 
hydrodynamic diameter of 170 nm. The crystalline nano-particle size remained constant for 

30 at least 1.5 hours. • 

Comparative Example 7 

Example 7 was repeated except sonication was discontinued directly after mixing the 
two solutions. Amorphous nano-particles were obtained with a mean hydrodynamic diameter 
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of approximately 210 nm. The particle size increased (probably as a result of Ostwald 
ripening) over a period of L5 hours from 210 to 260 nm. 

Brief Description of the Figures 

Figure la shows cryo-TBM images of Felodipine nano-crystals prepared using the 
process according to the present invention. 

Figure lb shows cryo-TEM images of Felodipine amorphous particles prepared 
according to Comparative Example 1. 
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